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In  the  past  year,  we  have  made  considerable  progress  in  pursuing 
the  specific  aims  of  our  proposal.  We  have  investigated  interaction 
of  HIV  with  monocyte -macrophages.  We  have  successfully  identified 
responsive  elements  in  the  long  terminal  repeat  (LPR)  of  HIV  which 
interact  with  steroid  hormone  receptors  that  function  as  transcription 
factors.  Importantly,  we  have  characterised  the  differential  response 
in  monocyte -macrophages  ccMpared  to  T  cells  whiich  depends  upon 
expression  of  such  receptors.  In  addition,  we  have  begun  to  pursue 
transduction  of  monocyte -macrophages  using  the  adenoassociated  virus 
vector  system  for  purposes  of  introducing  anti-HIV  gene. 
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IWTRQPyCTIQM 


The  human  Immunodeficiency  virus  (HIV)  infects  circulating 
monocytes  and  tissue  macrophages.  Infection  of  this  cell  lineage 
is  important  with  regard  to  pathogenesis  of  impaired  host  defense 
in  patients  with  AIDS  as  well  as  in  the  neurological  syndromes 
associated  with  HIV  disease.  Furthermore,  monocyte-macrophages 
function  to  elaborate  a  variety  of  cytokines  which  can  contribute 
to  the  inflammatory  and  wasting  manifestations  of  HIV  disease. 

We  have  studied  the  interaction  of  HIV  with  monocyte- 
macrophages  in  our  contract  with  the  Department  of  Army.  Our 
initial  work  focused  on  dysregulated  cytokine  production  of  HIV 
infected  monocyte-macrophages.  Our  current  work  addressed 
transcriptional  regulation  of  HIV  within  the  monocyte-macrophages 
by  steroid  hormone  receptors  as  well  as  strategies  to  deliver  genes 
capable  of  inhibiting  HIV  using  newly  developed  vectors.  The 
methodology  for  the  work  performed  was  presented  in  the  proposal 
(Section  4,  "Description  of  Proposed  Research").  The  cell 
biological  and  molecular  biological  experiments  focused  on 
transcriptional  regulation  of  HIV  as  well  as  characterization  of 
functional  genes.  The  development  of  antisense  constructs  within 
the  adenoassociated  virus  vectors  is  an  extension  of  the  proposed 
work  to  characterize  the  functional  genes  of  HIV  and  their  effects 
in  the  monocyte-macrophage. 


We  extended  several  interesting  observations  with  regard  to 
interactions  of  steroid  hormone  receptors  with  the  HIV  negative 
regulatory  element  (NRE) .  By  studying  sequences  of  a  wide  variety 
of  HIV  isolates,  it  appeared  that  HIV  strains  obtained  in  Africa 
lacked  the  steroid  responsive  motif  while  all  strains  examined  to 
date  in  Europe  and  North  America  contained  the  motif.  This 
suggested  that  there  may  have  been  revolutionary  drift  in  the 
transcriptional  regulation  of  virus  over  time. 

We  also  noted  that  monocyte-macrophages  at  different  stages  of 
differentiation  had  a  range  of  expression  of  these  steroid  hormone 
receptors  as  detected  by  Northern  blot.  There  was  a  clear 
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correlation  between  the  modulation  of  HIV  replication  within  a 
monocytic  or  lymphocytic  cell  line  and  the  degree  of  expression  of 
the  receptor.  Studies  using  the  ligands  for  the  RAR-a  and  RXR-a 
receptors,  transretinolc  acid  and  9-cis-retinolc  acid  respectively, 
confirmed  that  these  steroids  worked  specifically  through  their 
receptors  and  not  through  non-specific  effects. 

Ne  have  also  tested  the  capacity  of  the  adenoassoclated  virus 
vectors  to  transduce  target  monocytic  cells.  Permanent  hvtman 
monocytic  cell  lines  such  as  THP-1  and  U397  were  facilely 
transduced  by  this  vector.  Initial  studies  in  primary  peripheral 
blood  monocytes  showed  a  very  high  transduction  efficiency  (greater 
than  50%)  using  reporter  genes  such  as  cat  and  luclferese. 
Pulmonary  alveolar  macrophages  were  not  easily  transduced  (less 
than  5%)  using  the  current  vector  stocks.  It  is  possible  that  this 
is  a  problem  with  titer.  We  will  therefore  continue  these  studies 
attempting  to  transduce  tissue  macrophages  in  the  form  of  alveolar 
macrophages  by  Increasing  the  titer  of  vector.  It  is  also  possible 
that  other  promotors  function  better  within  the  alveolar  macrophage 
compared  to  the  peripheral  monocyte.  The  anti-HIV  constructs  which 
will  be  incorporated  into  these  vectors  have  been  developed  in  our 
laboratory  as  part  of  this  program.  They  include  anti-sense  to  TAT 
and  VPR. 

Thus  in  the  past  year's  work,  we  have  addressed  viral  and 
cellular  factors  which  may  regulate  replication  of  HIV  in  different 
cell  types.  We  have  attempted  to  utilize  Information  derived  from 
this  year  and  prior  years  of  the  program  to  provide  a  framework  for 
therapeutic  intervention. 


COMCLUSIQII 


Considerable  progress  has  been  made  in  the  past  year  of  our 
studies.  We  are  optimistic  that  we  will  be  able  to  utilize  novel 
constructs  for  purposes  of  gene  therapy  that  might  reduce  the 
cytopathic  effects  of  HIV  in  monocyte-macrophages.  In  the  context 
of  the  monocyte-macrophage,  we  aim  to  prevent  expression  of 
specific  viral  gene  products  that  may  contribute  to  pathogenesis  in 
terms  of  cytokine  elaboration  and/or  monocyte  dysfunction. 
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Qwuititatioii  of  Plasma  Homan  Immunodeficiency  Virus  Type  1  RNA  by 
Competitive  Polymerase  Chain  Reaction 

D«vM  T.  SciMca,  Zhcaoni  Wug,  and  DiHsieit  of  Htmtuolo^ylOitcolofy.  New  Etigfaitd  Dtocottess  Hospital. 

JcflMM  E.  GraOfaMa  Hanard  Medkal  SHuol.  Bosioti.  Massaeiutsetts 


CUaical  meaMiMof  bauuB  iauawodeAekacy  vin«  (HIV)  type  I  teMeg  ki  vivo  are  Uaieed 
aadhiadertlw  MU  Hmfwtofaatiretioviraltiwfapiee.  Reported  here  k  a  aMtkodtnrqaaatkaiin 
HIV-I  RNAiBhaaMaplaaaMaaiBgthepolyBMraaechaiaicactkM(PCR).TkiaaMthodBacaao 
BKeraalcRNAitaadardpHMraMdftoaeadotMd  IIS^defadoaMatatikMiofahiphiyroaiefved 
HIV-I  pi«rcgioaMqBeMa.TheaHMaMcRNA(K4)waailKNniioaaiplifywiihcacincyeMuva- 
leat  to  that  ct  wttd^ype  HIV-1.  Kmw*  tpiaaririee  of  K4  cRNA  addad  «>  wfld-type  HlV-l  kt  a 
cMBpetetivcPCRitfiieaiaaku  a  radiolabeled  prkaeepemkMdqaaatkatioa  of  wild-type  HIV- 
I  RNA  over  four  orden  of  Butakode  (I0*-I0^  RNA  copiee).  RNA  kolaied  froM  ptaaan  froea 
AIDS  padeata yielded  IO*loSx  KI'HtV-l  RNAcopiet/adofplaeMa  wiihaaaverapeiatfaeaat- 
piecoeflcieaiofvariaiioaof  .26,  Tkk  aMtbod  oSm  a  Maekivi  aaaay  wkb  a  broad  dyaaauc 
raape  for  awakociap  HIV-I  activkyia  the  plMaie  of  AIDS  patieatt.  it  awiy  provide  a  aeeftd  tool 
for  MWMkn  the  cffecta  of  aadretrovkal  therapy. 


Currently  available  toob  for  measuring  human  immunode- 
flciency  virus  (HIV)  type  I  in  vivo  are  limited.  Allhou^ 
circulating  CD4*  lymphocyte  cell  numbers,  serum  HIV-I 
p24  antigen,  serum  neopterin,  serum  di-microgiobulin.  solu¬ 
ble  CDS,  and  soluble  interieuliiii-2  receptor  leveb  have  been 
proposed  to  be  clinical  indicators  of  HIV- 1  disease  activity, 
they  are  limited  by  sensitivity  and  specifleity  ( l-d).  QtMnti- 
taiive  plasma  cultures  and  quantitative  cultures  of  limiting 
dilutions  of  HiV-l-inlected  peripheral  blood  motionuckar 
cells  (PBMC)  are  recently  d^eloped  methods  designed  to 
better  characterize  the  activity  of  the  retrovirus  (7,  8|.  How¬ 
ever.  these  methods  are  time  consuming  and  expensive. 
Quantitation  of  HIV- 1 -infected  PBMC  by  polymerase  chain 
reaction  (PCR)  of  PBMC  DNA  n  a  more  rapid  analysb  and 
has  been  shown  to  correlate  with  the  stage  of  the  illness  (9). 


Ail  wmpics  ««ra  obiMiMd  wuh  mlbfmcd  conscnl  hcai  paumti  aad  haa- 
tfl<d  in  a  protocol  appfovtd  by  tb«  Nr*  Enplsiid  OoKonoa  Hoapnal  ImW- 
luiional  Rcviaw  Bowd. 

Oram  Mtppoft:  Nalionai  Inalilulcs  of  HaalUl  (HL-ASSM.  -42112.  and 
-33774  and  CA-3.t5203 

Reprims  or  corfv<ipondencr  Dv  David  T  Scadden.  1 10  Francis  Si  .  Sadc 
4A.  BosKmi.  MA  022 1  S 

Tba  Jaw— I  at  tahctliw  Pliaaiia  l«ai(Mftlll4-U 

ID  1402  by  Tlw  UmvarsUy  oTOHcafo  AH  hglHs  rtwvvd 
0022- 1  »<»;V2/«30»-0022»I  00 


Thb  method  estimates  the  number  of  infected  edb  but  may 
not  be  able  to  assess  acute  changes  in  vital  replicative  activity 
imhiccd  by  drug  therapies.  Measurement  of  circulating  virus 
b  a  potentially  more  sensitive  assay  for  the  activity  of  the 
virus. 

Reasoning  that  HIV-I  plasma  culture  indicated  the  pres¬ 
ence  of  intact  virions  in  plasma,  we  undertook  a  study  to 
evaluate  PCR  as  a  means  of  quantiuting  HlV-l  RNA  in 
plasma.  Due  to  the  lube-to-tube  variability  ofPCR  Anal  prod¬ 
uct  observed  by  us  and  others  1 10).  we  sought  to  develop  a 
competitive  PClI-based  method. 

Mrthada 

nuHntsampIn.  Blood(IO-iSml)watobiamedbyphlehoi- 
omy  from  HIV-|-mfecied  tndividiiab  with  an  AIDS-dcAntng 
ihagniriii  ami  ftiim  nnrmil  i  nnirnli  Wnnil  wii  i iillm  u  i1  in  hep- 
armized  tubes  (Bccton-Oidtinson.  Rudierford.  NJ).  and  pluma 
was  harvested  after  cenuiA^tioo  at  I200gfor  10  min.  Plasma 
(2.0  ml)  was  mixed  with  4.0  ml  of  5  Af  guanidine  isothiocyanate 
(Bethesda  Research  Laboraioriei  (BRL).  Gaithersburg.  MD) 
and  I OO  Jig  of  yeast  tRNA  and  was  ultracentriAiged  through  5.7 
Af  cesium  chloride  (BRL)  at  ISO.OOO  g  for  18  h  at  2S*C  The 
resultant  RNA  pellet  was  resuspended  in  0.3  Af  sodnim  acetate 
Md  cthanol-prccipiuled.  The  RNA  peikt  was  washed  with  709 
ethanol  and  resuspended  in  water  or  stored  under  ethanol  at 
-80*C 
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KNA  standard  The  HIV- 1  gag  re^kin  amplified  by  the  oligo¬ 
nucleotide  pnmer  pair  SKI  (X)/SK  104  (1  i,  12)  was  amplified  in 
the  PCR  protocol  noted  below.  The  resultant  fia^nent  was 
filled  in  using  Klenow  (BRL)  and  blunt  end  lifted  into  the 
plasmid  pGEM-3Z  (Prom^a.  Madison,  Wl).  A  deletion  muta¬ 
tion  of  113  bp  was  produced,  and  the  resultant  plasoud 
(K4)  was  determined  to  be  a  satisfiKrtory  template  for  SKIOO/ 
SKI04-directed  PCR  by  agarose  gel  electrophoresis.  K4  cRNA 
was  generated  using  T7  polymerase  (Promega).  The  K4  cRNA 
was  purified  by  ultracentrifugation  through  a  5.7  Af  cesium  chlo¬ 
ride  cushion,  precipitated,  and  resuspended  at  a  coiKentration 
determined  by  both  spectrophotometry  and  incorporation  of 
{^Pjuridine  tripho^ihaie. 

Reverse  transcription  and  PCR.  RNA  was  reverse  trait- 
scribed  in  a  20-m1  volume  containing  0. 5  aUd  deoxynucleottdes. 
6  mAf  magnesium  chloride,  50  mAf  TRIS  (pH  8  3).  10  mAf 
dithiothreitol.  200  units  of  recombinant  Moloney  murine  leuke¬ 
mia  virus  reverse  iranschpiase  (BRL).  and  40  units  of  RNasm 
(Promega)  at  37*C  for  90  mm  The  reaction  product  ( 10  id)  wau 


FIgMW  I.  Summary  i>f  lample  procramg  am)  amdyua  whema 
Off.  guanidine  nothiocyanaw.  PCR.  ^>tymcraM  shaMi  nmetKin 
('ompeiilive  PRC  mutts  of  wild-type  (wt)  auman  umiMmodeR' 
cicncy  virus  (HIV)  type  1  (upper  Nm))  or  K4  Mamiurd  (tower 
band)  at  ihffiitent  t»um  of  wt  ui  KA  (R)  tw  at  dilltreni  ddmwms  of 
Used  ratio  of  wt  ii>  K4  (O  Ftsed  amount  iif  R4  cRNA  was  mam- 
Uuned  in  samples  corTespondtag  to  lanes  t  -9  m  R  threefold  ddu- 
iHinsofRNA  ftom  MIV-l^^inllKted  H9 celts  were  added  sespren- 
tially  horn  nghi  to  left  in  samples  corresponding  i«i  taaes  to 
through  2  tjme  I  contained  only  K4  cRNA  ( 10*  ciipres)  md  Une 
to  contained  only  HIV-  l,H«-inhKted  H9  RNA  ( I  ag)  C.  Raiisv  of 
wt  (o  K4  RNA  represented  by  lanes  4  and  '  of  R  and  mierwesJiai* 
ratio  were  sub|ected  to  sespientiai  threefold  dilutions  hehire  reverse 
transcripiKin  and  amphfleation  Aeries  of  tancs  fs-e  each  numbered 
set  (I -I)  represent  ethidium  bromide-stained.  ('V-iUummated 
proshtcis  of  .Mi-cycle  amphlkalKm 


added  Co  a  50-|d  final-volume  solution  containing  50  pmol  each 
of  SKIOO  and  SKI04.  0. 1  pmol  of  *’P-«nd-labeied  SKI04.  0.2 
mAf  dcoaynucicotides,  1.5  mAf  magnesium  chloride.  50  mAf 
potassium  chloride.  10  mA#  TRIS.  0.1%  gelatin,  and  I  unit  of 
Taq  polymerase  (Perfcin-Elroer  Cetus.  Norwalk.  CT)  and  sub- 
jecUN)  to  cycles  of  92*C  for  30  s,  55*C  for  30  s,  and  72®C  for  I 
min  repeated  30  times  with  a  lO-min  extension  at  72®C  after  the 
fittal  cycle  using  a  thermocycler  (Ericomp.  San  Diego). 

PCR  product  analysts.  Amplified  DNA  was  electrophoresed 
through  2%  agarose  or  6%  acrylamide  and  visualized  by  UV  light 
after  ethidium  bromide  staining;  the  resultant  bands  were  har¬ 
vested  and  Cherenkov  counted  in  a  liquid  scintillation  counter 
(Beckman  Instruments,  Palo  Alto,  CA).  Figure  lA  summarizes 
the  methods  used. 


The  HIV-I  g/og  region  bracketed  by  the  oligomers  SKIOO 
and  SKI 04  was  cloned  and  a  deletion  mutani  produced 
(K4X  K4  was  amplified  by  the  SKI00/SKi04  pnmer  pair 
and  yielded  a  PCR  proihict  readily  distinguished  from  wild- 
lypc  HIV- 1  by  either  acrylamide  or  agarose  gel  eleciruphore- 
sts  (figure  IB.  Cy 

The  K4  cRNA  was  evaluated  as  a  template  for  PCR  using 
the  SKI00/SKI04  pnmer  pair  and  directly  compared  with 
the  wdd-type  HIV- 1  genome  represented  b\  RNA  denied 
fiom  HlV-l^-uifected  H9  lymphuhlastoid  ceils  After  re¬ 
verse  iranscnpiioo.  **P-end-labeled  SK 104  was  added  the 
PCR  reaction  muture,  and  the  KTl  product  was  analyzed 
by  eketrophoresrs  The  yield  of  DNA  was  quanuuted  at  dif- 
licreni  cycle  numbers  of  KTl  by  the  counts  per  minute  pres¬ 
ent  in  the  appropnaic  hands  tsoUicd  from  the  electropho¬ 
retic  gds  Figure  2A  uuhcaies  that  the  rate  me  td 
incorporated  '^P-Ubekd  pruncr  is  the  same  with  cither  K4  or 
wild-type  HIV-|^  as  the  KH  template  These  dau  were 
corrohomied  mmg  K4  compared  with  independently  or  con¬ 
currently  (in  the  same  tube)  amplified  kesown  quanitiirs  id 
plasnud  DNA  of  the  HIV-I  clone  HXB2  (provnkd  by  R 
Ciallo.  Natiorsai  Inuiiuies  of  Health.  Bethevda.  MD)  K4  is 
ampliAcd  with  an  ellkiency  equal  to  that  of  wild-typr  virus 
and  n  therefore  an  tpproprwir  lempUie  to  use  in  a  quanliu- 
uve  assay  for  wild-type  HIV- 1 

Having  dcmonittaied  that  K4  can  he  rradity  ^stinguishcd 
from  wdd-typr  HIV- 1  and  yet  can  fuiKtion  as  an  equoalent 
target  m  PCR.  we  tested  the  lenMiivits  aisd  range  of  out 
methdd  of  analyzing  for  HIV- 1  KtHvwn  ansownts  of  K4 
cRNA  were  diluted  and  used  as  starting  material  (or  the  re¬ 
verse  transcript hwi  and  PCR  reactions  The  resulting  wKorpo- 
ratwvn  of  ‘^P-laheled  tracer  5sKI(M  pnmer  for  each  sumng 
corKeniralnin  »>f  K4  cRNA  is  shown  m  figure  2B  The  intra- 
sample  coefBcient  of  sanafson  (CV  )  was  05  to  2b  for  the 
samples  wnh  10*  to  t(f  copies  of  K4  cRN  A  respcciivdy 
The  sensrtisits  of  the  assas  rs  limited  to  10- 100  copses  of  K4 
m  the  starting  material  hut  the  dvrumK  range  of  the  assav  is 
al  least  four  orders  of  magnitude  Since  the  range  of  in- 
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Flgart  2.  4.  of  wtivf  tYpv 

K4  nN4  m  viiArntnt  pt’lviTMriVt*  «4)itn  rvM'iH'n  tf<  n«im 

htn.  M9/f||||  iinj  1^4  cUNA  (  MJ* •»nf  tn<ilVF<tn<4fn«N  *<»i» 
W/wl  fi»r  in«i>rp*’r)«lM>n  of  **1^  prwHrr 

(SKMW)  iT!v«fMr  tMns»;rifH»>n  jotl 

tn>n  ui’unttnn  of  ixtifatml  of  (riirvtn>pll<'>rf<ic«t  nrav 

tM’n  pKuhn-'t*,  9.  R»t»f»>n'«htp  of  W  H  pfvHiiKt  ■>f  >np**i 

R4  cRNA  Rm'wn  MiMHinN  of  K4  cRNA  ww  ttiturm  tntnmir^h<t4 
*nd  iiinpJiRecI  fi>r  H)  cvv(«<«  m  pw'HfiH*  of  ARHX 

prtm*r  Rfix'tM’t*  prodiM'N  «>  i^nrow  jef 

njw,  lie)  «lwe<<  were  i»')»lecl.  nM  vmiiihum'n  ctninMFci  \vimhtr  of 


fectious  virus  delected  in  the  plasma  of  HI  V-infected  individ¬ 
uals  has  been  reported  to  be  quite  variable  ( 1 3]  and  the  range 
of  virus  particles  containing  detectable  viral  RN  A  (not  neces- 
sanly  infectious  virus)  may  vary  over  a  broader  range,  a  wide 
dynamic  range  for  the  assay  is  desirable. 

The  relationship  of  end  products  of  PC"R  to  the  starting 
quantities,  in  a  competitive  PCR  strategy,  is  dependent  on 
the  ratio  of  the  two  templates  at  the  lime  of  initiation  of  the 
amplifkation  protocol  (10.  I4|.  At  ratios  of  sample  template 
to  standard  template  of  less  than  or  greater  than  I  0.  the 
amplihcation  of  the  two  templates  is  not  equal  Figure  IB 
represents  Pl'R  products  of  reactions  containing  a  lined 
amount  of  the  K4  standard  with  irurreasing  coru'entraiions  of 
sample  HIV- 1  RNA  The  variable  intensity  of  the  visible 
lower  band  (K4)  indicates  the  inconstant  amplihcation  of 
the  IC4  templaie  in  the  presence  of  difl^ent  coiK'entraiions 
of  competing  wikl-iype  HIV- 1  getKime 

To  investigate  whether  the  dillerenual  amplification  of 
w ltd-type  versus  K4  template  was  due  to  a  limiting  cotKen- 
traison  of  substrate,  dilutions  of  RNA  of  three  fined  ratKvs  >4' 
wild-iype  to  K4  (wt  K4)  were  added  to  the  K'R  reaction 
miniure  and  amplilied  (figure  l(  )  ihlutam  of  the  suning 
coAceniraiion  of  RS.A  did  not  alter  the  relatKvnship  between 
the  wild-type  and  K4  final  products.  diflereniaJ  amplifka- 
ison  of  the  two  RN  As  ^wcurred  unless  wt  K4  jp- 
prouched  I  U 

Having  demonstrated  that  the  suning  wi  tn4  must  ap- 
proMch  t  ft«r  equal  efbcicruy  of  amplifkatK>n.  2-mt  human 
plasma  vpecimens  were  pti^ested.  and  (vHit  K>-ft4d  dilulHms 
cd  K.4  cRNA  were  added  to  a  fiscd  amount  of  ptasnu  RNA 
(O  *  ml  lO’  copses  u>  V  '  ml  It/  copscsl  Ihese  dilutwvns 
were  reverse  itanvenbed  arsd  amplifted  and  ihc  resulunt 
productv  were  arulv/rd  av  above  At  equivalent  levels  td  in- 
cctTpciralion  »d  radwdabeied  prime:  the  input  *i  K4  wavcim- 
wdeted  to  br  I  The  quantiis  of  iiqml  witd-fspr  RNA  couM 
ihetebs  hee»ir'a(s4atedarsJthenomhat4HI\  -  I  RNAmid- 
cswles  derived 

t.>  vetifv  the  reproduviNliis  id  the  asvas  duplicate  cam¬ 
ples  frv>m  a  vrngte  p*ilebia.imv  were  indcpersdcfiils  procesced 
and  anafv red  T  he  resullv  id  i<*se  <d  thrve  analvccs  are  vhivw  n 
tn  hfvre  '(  and  ihe  reswlit  td  1 1  camples  from  1 1  paticntv 
arutsred  m  ihn  manner  are  reivoned  in  uNe  I  The  average 
tnirasample  14  f,«  II  campies  from  M  pal>enic  anatvred 
•  av  2r»  f  It 

To  cvmRrw  that  our  rrsultv  did  n«d  refWni  ceflular  HIV  ■  1 
411  CSC  lev  id  W  R  were  dime  o«i  fsaiieni  varnpks  w  iibout  first 
tubmitimg  the  vampfrv  *•>  reserve  iranmTTptson  N>o  ampi?- 


h4  cRN  A  iadMaied  «  log  «d  ci-purv  (vr»  »«cav  f  Analvwv  .d  ont 
Alfin  idavanita  caaqWr  dn-aded  a<  ivmt  td  phletvraonn  aivd 

anabrevt  incArfvfwdmitv  (  t-gn  ev»*n»vpr  td  Ic4  tRNA  nvdfcwlr* 
coetevfvwAivg  c-i  |t,a-r.i-«Mwplc  fiw*'  ‘d  1  rusmave*  onpv  ni»i**het  *d 
avuivuMisdrAi  »f  iscv  tvnev  ruvr  I  R  N  A  m  1  ml  td  plawna  ( *  ^ 
»  I  4  «  Hl*t 
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TaMe  I.  Patient  characiehslics  anU  results  of  studies  of  plasma 
samples  from  AIDS  patients. 
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tied  pnMju«:lH  were  teen,  indicating  that  HIV- 1  -infected  cel¬ 
lular  DNA  wai  unlikely  ti>  l>e  present  and  therefore  that  cel¬ 
lular  RNA  could  not  account  for  our  rcculic.  The  ^pecirtcity 
tor  fll  V  - 1  of  the  hand.i  aviayed  in  thii  method  wac  tuppc>rted 
by  the  ah-ience  of  band.%  in  control  pfacma  and  by  the  lame 
electrophoretic  mobility  of  camples  amptihed  with  nonla- 
beled  primer<i  cubHequenily  lK{uid-hybndi/ed  with  a  raduiU- 
heied  SKI*#  |I21  pri>be  there  were  no  talie  powtiven  de¬ 
tected  in  K  control  pU*ini4  camples. 

OillCIHMkM 

{  valuation  of  the  therapeutic  beneftt  of  medicaiionc  in 
HIV- 1  dtieaie  may  be  bated  on  a  number  of  ctinKai  and 
laboratory  parameters  Currently,  the  laN>r4tory  actayt 
widely  in  utc  are  indirect  mcaturet  of  the  activity  of  the 
virut,  luch  at  f  lymphocyte  tuhtclt,  ncoptenn.  or  iJ{-micro- 
Itltibulin.  or  direct  mcaturcmenit  of  a  viral  product,  vuch  at 
HIV- 1  p24  antigen  The  latter  actat  it  limited  by  the  high 
frei^uency  of  p^-f  anii|cn  - negative  patienit 

Improved  direct  meaturet  of  the  mficctivHit  burden  of  HIV- 
I  are  detimbfe  because  of  the  n«>ntpecifkily  of  the  indirect 
lahoratiiry  parametert  and  becawte  of  the  pivieniul  time  de¬ 
lay  for  indireci  meaturet  to  reflect  alleraliont  m  circulating 
virut,  Ihrect  attayt  of  the  virus  may  permit  mt>rc  rapid  aruf*  • 
tit  of  anti-HIV-l  therapies  MethiHls  that  attest  the  circulat¬ 
ing  levels  iif  ffee  virus  as  opfiosed  virus  inci'rpivraled  int*' 
circulating  cells  may  be  particularly  valuable  because  of  the 
latency  of  HIV  t  -k  measure  of  free  virus  mat  he  the  pre¬ 
ferred  parameter  tt>  evaluate  therapies  directed  at  the  replica¬ 
tive  cycle  of  HIV- 1,  such  at  reverse  transcriptase,  tat  ivc  pn*- 
tease  inhibiu>rs,  t^r  mhibiUvrs  of  virus  assemblv  I'r  release 

The  method  presented  here  uses  comnum  laN’raUirv  tech¬ 


niques  in  conjunction  with  a  mutant  cRNA  template  to  eval¬ 
uate  the  quantity  of  HIV- 1  RNA  in  the  plasma  of  AIDS 
patients.  This  method  requires  a  small  quantity  of  plasma 
(obtained  from  a  single  phlebotomy  tube  of  blood),  which 
can  be  processed  and  the  analysis  completed  within  48  h.  An 
internal  cRN  A  standard  that  is  equivalently  amplified  in  the 
PCR  method  is  included  in  the  analysis  to  avoid  inaccurate 
quantitation  of  the  sample  material  based  on  intrasample 
variability.  Use  of  an  external  standard  does  not  control  for 
(his  variability,  which  may  result  in  alterations  in  final  prod¬ 
uct  quantitation  of  up  to  6009r  [10],  With  an  internal  stan¬ 
dard.  the  method  presented  here  has  an  average  intrasample 
variation  of  2b‘i. 

In  addition,  the  dynamic  range  of  the  assay  is  at  least  four 
orders  of  magnitude,  substantially  higher  than  those  of  other 
reported  K'R-based  strategies  ( 1 3J.  This  feature  of  the  assay 
makes  it  particularly  attractive  for  the  evaluation  of  antiret¬ 
roviral  therapies,  where  broad  diflerences  in  circulating  virus 
may  be  anticipated.  The  quantity  of  HIV  RNA  we  have  ob¬ 
served  in  AIDS  patients  has  ranged  from  10*  to  8.3  X  10^ 
co|>ies/ml  of  plasma,  which  is  comparable  to  other  estimates 
of  plasma  vircmia  using  K'R  1 1 3J  or  by  extrapolating  from 
circulating  levels  of  HIV- 1  p24  antigen  j  1 5). 

The  major  limiuiions  of  the  assay  are  the  requirement  Ibr 
multiple  dilutions  of  sample  RNA  (although  we  found  that 
liHir  diluiKins  are  adequate  in  evaluating  the  AIDS  popula- 
tH>n  studied),  the  use  of  a  radiolabel  (though  other  methods 
of  quantitation  may  sacrifice  dynamic  range),  and  issues  of 
crossover  coniaminaiKin  comnuin  to  all  PCR-based  strate¬ 
gics  Methods  of  plasma  colleciHin  were  not  found  to  influ¬ 
ence  our  assav  when  wc  cvHnpared  hepann.  EDTA.  and  so¬ 
dium  citrate  antK.«>agutants.  perhaps  because  our  method  of 
RNA  prcparaiHin  reduces  the  presence  of  the  anticoagulant 
in  the  WR  reactnin  mixture  The  delay  between  sample  col- 
IcctMsn  and  procevung  may  he  important  However,  our  pre¬ 
liminary  (ibservaiHKiv  vuggcsi  that  there  arc  no  substantial 
diflererHev  in  samples  aliquolcd  on  arrival  in  the  laboratory 
(our  laboraitvrv  iv  adjacent  to  the  hospital  where  the  samples 
were  obtained)  with  imic  aliquot  priKcssed  immediately  and 
«*ne  processed  afler  a  .l-h  delav.  nor  base  we  observed  differ¬ 
ences  between  samples  priicesscd  immcdutcly  and  plasma 
aiiqiMas  frozen  at  iiO*(  (unpuNtshcddala)  Further  defini¬ 
tion  of  these  (wramciers  is  m  pn^resv 

this  retails cIs  simple  asvas  for  quantitating  plasma  Icscis 
of  HIV- 1  RNA  ..-ay  pfoside  a  laKisratisrs  Usol  for  measunng 
changes  m  circulating  situs  in  siso  The  applicability  of  this 
assas  to  (xitienis  at  different  stages  of  HIV -I  disease  and  the 
sv'rrelatw'n  of  siral  burden  with  chnKal  stage  are  currently 
under  inscstigatH>n 
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Identification  of  a  Novel  Human  Immunodeficiency  Virus  Strain 
Cytopathic  to  Megakaryocytic  Cells 

By  Myham  S.  Kunzi  and  Jerotne  E.  Groopnian 


Impairad  mapakaryocyloftoiaaia  may  be  a  contributing  fac¬ 
tor  to  thrombocytopania  aaaociatad  whh  htmtan  immuno- 
daliciancy  virua  (HIV)  infaction.  Bacattaa  HIV  iaolataa  dWar 
in  thair  boat  ranga  and  pathoganicity.  mm  invaatigatad 
whathar  HIV  atraina  wHh  damonatrabla  caN  tropiam  and 
incraaaad  cytopathicHy  for  magakaryocytaa  could  ba  da- 
rivad  from  tiM  Mood  of  tiwombocytopanic  HIV-infactad  indi- 
vkfciala.  Wa  darivad  a  atrain.  HlV-Vi^.  from  tha  paripharal 
Mood  of  an  individual  with  aavara  thrombocytopania  and 
found  tha  virua  to  ba  highly  and  apacMIcaSy  cytotoxic  to 

Thrombocytopenia  is  a  frequent  finding  in  hu¬ 
man  immunodeficiency  virus  (HIV)  infection.  Anti¬ 
body-mediated  peripheral  platelet  destruction  is  well  docu¬ 
mented,''^  but  the  clinical  observation  that  platelet  number 
often  increases  rapidly  upon  treatment  with  zidovudine 
(AZT)*  suggests  that  impaired  thrombopoiesis,  as  a  result  of 
direct  interaction  of  HIV  with  megakaryocytes,  may  be  a 
contributing  factor  to  the  thrombocytopenia  associated 
with  HIV  infection.'  About  25%  of  human  bone  marrow 
megakaryocytes  have  been  found  by  flow  cytometry  to  have 
detectable  CD4  surface  antigen,'  the  primary  receptor  for 
HIV  in  T  lymphocytes  and  monocytes.’"  The  presence  of 
viral  genome  in  bone  marrow  megakaryocytes  of  some 
HIV-infected  patients  has  been  reported*'*  and  the  virus 
can  be  incorporated  in  these  cells  in  vitro." 

The  recent  availability  of  permanent  cell  lines  of  mega¬ 
karyocytic  lineage,  such  as  the  CMK''-'*  and  OAMf' cells, 
has  provided  an  in  vitro  system  that  facilitates  the  study  of 
HIV  infection  in  megakaryocytic  celb.  Althot^  these  celis 
were  shown  to  be  poorly  susceptible  to  infection  with  HIV-I 
IIIB,  they  were  found  to  be  readily  and  productively  in¬ 
fected  with  HIV-2  ROD.'’  Because  HIV  isolates  diffrrr  in 
their  host  range"'*"  and  their  paihogeniciiy.*'"  the  ques¬ 
tion  arises  as  to  whether  HIV-infected  thrombocytopenic 
patients  may  harbor  viral  isolates  with  tropism  or  increased 
cytopathogenicity  for  megakaryocytes  To  address  the  is¬ 
sues  of  tropism  and  cytopathicity  of  HIV  in  megakaryo¬ 
cytes  we  studied  the  infectivity.  cytopathic  effects  and  cel¬ 
lular  tropism  of  HIV-WW.  a  virus  derived  from  an 
asymptomatic  patient  with  severe  thrombocytopenia.  We 
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CMK  and  DAMI  magakaryocytic  caHs.  CMK  and  OAMI 
calto  wara  not  parmiaaiva  lor  tha  virua  and  HIV-WW  in- 
ducad  cytopathicity  for  thaoa  ntagokaryocytic  caMs  <Sd  not 
dapand  on  viral  rapiication.  Tha  C04  N-tarminua-Mndbig 
domain  of  tha  HIV  gp120  anvalopa  prtriain  did  not  appaar 
to  ba  involvad  in  datanwining  tha  cytopathic  phanomanon. 
HIV  may  impair  magakafyocytopoiaait  through  intarac- 
tiona  at  tha  cad  aurlaca  in  aoma  caaaa  rathar  than  through 
viral  antry  and  krtracadulaf  tapication. 

£>  1993  by  Tha  JUnmriean  Sodaty  of  Hamalologty. 

found  that  HIV-WW  was  specifically  cytotoxic  to  mega¬ 
karyocytic  CMK  and  DAMI  cells  but  not  to  T-lymphocytic 
or  monocytic  cells  The  cytotoxic  eflcct  on  both  CMK  and 
DAMI  ceils  did  not  require  HIV-WW  replication,  suggest¬ 
ing  a  cytopathic  effect  at  the  megakaryocyte  cell  surface. 

MATERIALS  AND  METHODS 

Cells  and  rirus  The  DAMI  ceil  hoe.  denved  from  the  penph- 
eial  biood  of  »  paueni  with  megakaryoMastic  leukemis*'  was  a  gift 
from  S.  Greenberg  (Br^ham  and  Women's  Hospital,  Boston.  MA). 
These  cells  were  maintained  in  Iscote's  modified  Duibecco's  me¬ 
dium  (IMDM;  GIBCO  Laboratones  Grand  Island.  NY)  with  10% 
hcat-inactivaied  horse  serum  (HS^  GIBCO).  peructllin  (P;  25  U/ 
mL),  ftreptomyan  (S;  250«g/mL;  GIBCO),  and  L-gluiamine  (G;  2 
mmoi/Li  Mcduiech.  Washington.  DC),  The  CMK  cell  line."  "  de¬ 
nved  from  a  child  with  megakaryoblastK  leukemis  was  a  pft  from 
T  Sato  (Chiba  Univeruty .  Japan)  H9  (HUT78 )  ceils**  ”  were  ongi- 
naliy  obtained  from  R.C  Gallo  (National  Cancer  Instilute.  Be- 
ihesda.  MD)  U9)7  cells**  were  obtained  from  the  Amcncan  Type 
CuhureCoUedioa  (Rockville.  MD.  catalog  no  CRLI59)).  CMK. 
H9.  and  U9)7  cells  were  maintained  m  RPMI  1 640  (GIBCO).  10% 
heai-inacuvated  fetal  bovine  serum  (FBS;  GIBCO).  and  PSG 

HIV-WW  virus  was  obtained  from  an  asyraptomabc  HlV-sero- 
potttive  paiieni  wiifi  a  CD4 '  cell  count  below  400  and  pemstent. 
severe  ihrombocyiopmia  H1V.|  JR-CSF.  isotaied  from  the  cere¬ 
brospinal  Suid  of  a  patieni  with  acquired  immunodefrciency  syn¬ 
drome  (AIDS)  dementia,  was  obtained  from  l.S  Y  Chen  through 
the  AIDS  Research  and  Reference  Reagent  Program  '*’**  HIV- 
RJ94  35  was  recovered  from  an  asymptomauc  HIV  -seropositive  pa¬ 
tient  with  were  neutropenia  A  stock  of  each  virus  was  grown  by 
cocuhuie  of  infected  penpberal  Mood  monociuctear  edb  (PBMCs) 
with  pbyuihcmagfluiiiun  (PHAMtimulaied  PBMCs  as  prrvioasly 
described  **  Virus  was  harvested  in  the  supernatant,  without  exm- 
ceniraiKm.  when  HIV  p24  antigen  levels  reached  a  value  greater 
than  500  pg/mL  (HIV.WW.  day  IS  postinfection  HIV.|  JR-CSF. 
day  10  postinfection.  HIV-RJ9435.  day  20  postinfection) 

InfrctHsns  CeOs  were  cultured  in  24-wcil  piatet  (Costar.  Cam- 
hndgr.  MA)  Ceils  (2  v  lO’/wdl)  were  inoculMed  with  .300  *1.  of 
virus  stock,  contaimng  approximattly  100  ng  HIV  p24  antigen 
The  viral  inoculum  was  adsuthed  to  cefts  lor  2  hours  at  37*C  The 
celb  were  then  washed  with  complete  mediHm.  plated  at  I  x  lO' 
cdb/mL  in  fresh  complete  mediuffl.  and  qiht  I  4  every  4  days 
Mock  infectiom  were  performed  with  300  vL  of  supemaum  from 
PHA-siimuiated.  uninfected  PBMCs  harvested  after  4  days  m  cul¬ 
ture  AD  infectiom  were  performed  in  diqibcatc  and  monitored  by 
measuring  HIV  p24  antigen  feveb  in  the  siaieniatant  with  a  sohd- 
phaar  anugrn  capture  immunoasny  kit  (Abbott  Laboratories.  Chi¬ 
cago.  ID  ”  Cefl  viabiiity  was  ameised  by  trypan  Mae  exchmon  In 
certain  experiments,  virus  was  depleted  from  the  inoculum  by  ftl- 
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HiV-\MWev«a«MMa«V6aCMKandOAMlMRt.C«R6t2  »  1O^«MMCiM«tM«*dwRtiHIV-WW(1OOn«p24wMi06ninociAuml. 
imWiR  i6»n»i>6  «M«r«  htrottwd  M  Wa  MkaMd  Whm  and  aaaayad  tar  «M  p24  aiMiRan.  Vkai  aZ4  aiWgan  lawait  ara  aapaaaaad  in 
•rama  par  aiMWar.  Supamatant  aamptaa  feom  mach-Maeiad  caRiaaa  taara  yaad  aa  napMaia  oenital.  Cat  tdaUMy  vaaa  aaaaaaad  by 
Ml  Mua  aaahiaian.  EaahwatMaiapraaantaWaaMrapaafWroMtpai  ntfsM  mMMiwMMS-  TMt  Is  ons  rspssMvMMiM  CKpOTlfnsnt  ^  ftw 
psw^ww  ■apsrtinsmi.  (A)  CAM  e«i».  m  0AM  oMs.  M  VIMMy.  M  »24 
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uaiMMi  imcc  ihrou^  a  0  2i>m  acmie  ceUuioar  film  (Sanorius. 
Gaciuairn.  Germany).  In  the  cutium  in  nbich  tenim  fioin  an 
atympiomaiic  HIV-aerofioBUirc  donor  amsuaed  to  neutralize  HIV- 
WVf.  )00  aL  of  ««nH  w»  incuhaud  with  200  pL  of  terum  at  4*C 
lot  I  hour  heCore  inoculation.  Infection  then  proceeded  as  de- 
senhed  abone  Inthcnrcultuminwhichanti-LeuJAfBect^nOicfc' 
inaoA.  Mountain  View,  C'A)  was  used  to  bloch  the  interaction  of 
HIV  with  C04.  ceUs  were  incuhaicd  with  dialyzed  antibody  at  $ 
ag/mL  at  37*C  for  30  minutes  before  inoculation  with  vinis.  Infec- 
tioo  waa  then  performed  as  described  above  with  the  following  mod* 
ihcaiioo  after  adiorptioo.  the  ceUs  were  washed  with,  and  plated  in. 
cumpleic  medium  supplemented  with  aoii-Leu3A  at  5  ag/mL. 

Fttf\-mtrutf  irham  rnction  (K’Rj  anati-iis  Total  cellular  DN A 
was  esiracicd  as  previously  described  ”  “  HIV  sequences  were  am- 
plthed  bv  the  PCR  twice  for  23  cyefes.  as  previously  described.”  ” 
uung  nested  HIV  gag-specihc  primer  pairs  The  hm  pnmer  pair. 
SK  lOO/SK  IM.”  amplifies  a  2fH>hp  region  of  gag  (hat  is  conserved 
among  the  HIV- 1  isolates  and  HIV.2  ROD  The  second  primer 
pair.  SK.fl/SK.39.‘‘  ampbhes  a  I  I5*bp  region  of  gag  conserved 
among  the  HIV- 1  nolaics  DNA  rsolsicdlTom  HIV*|  IIIB-inlecied 
cctti  was  used  as  a  poHiive  conirol  and  DNA  estiacted  from  mock- 
rnfected  cell  was  used  as  a  negative  control.  The  specihaty  of  the 
PCR  products  was  venhed  by  liquid  hybridization  to  the  5'-end 
radwUbeled  HIV.<qiccibc  probe  SK  19  ”  ”  Amplrhcation  of  d-glo- 
bin  grnoroic  sequences”  was  carried  independently  with  the 
primer  parr  PC03/RC04”  to  assess  DNA  rntegnty  and  content. 
The  serwtivity  of  the  PCR  assay  was  dettrmined  by  dilution  of 
chronrcaOy  HIV.|. infected  THP-l  monocytic  celh  with  unin¬ 
fected  THP- 1  ccih.  Thetnay  IS  sensitive  to  10  ^dilution  of  infected 
cells,  conesponding  to  100  HIV-i  infected  cHH  in  a  sample  of  10* 
cells  per  milhltler  ”  “ 


RESULTS 


rttl.  Htvww  ta  rsat  eylngnlhls  is  (Ht/TTg)  m  UMT  aaRs 
Cafta  Mara  atiaRangad  «Mi  MV-VIRIV  aa  riaaaitbad  m  Pig  t  Cal 

vwiOTVv  wy  ww 

Santa  Wa  avaraga  of  ntm  iMlqaoitdarN  iiiaaa«mniants.  |A)  Ht  aal 
cultiiraa.  W  UM7  aaM  suRuraa.  |0)  VlaMWr.  W  pM 


HIV-3VW  was  recovered  from  an  asymptomatic  patient 
with  severe  thrombocylopenia  and  amplified  by  dran-term 
ctxullure  with  PHA-stimulated  PBMCs.  To  aasen  the  tro- 
pwm  of  this  primary  HIV  strain.  CMK.  DAMI.  H9,  and 


Fig  3-  CviopaMcMv  i«  Mnrily  Mueatf.  (AJ  OAMM  eats  war*  ctiatangad  300  at.  FHA-aOmiAa(a4  taMaeaarf  fOMC  aupamHant  M, 

300  »l  HtV-WW  (10O  ng  p24  amigatil  (•!  or  300  at  HfV-WW  twitca  tat  ad  ditaiigA  a  0.2-ain  ealidoaa  aoataaa  matnbtawa  to  daptato  dta 
inoeadurt  a*  wWetia  U).  Id  CMK  at  OAM  ealto  aaara  cMtangad  iaM>  300  aL  MV-WW  (100  ng  MV  p24  attogawl  |0  and  O.  tatoaadaaly)  or 
wMi  300  al  haat-inacttoaaad  (M*C  far  30  ntonnaa)  MV-WW  (•  andlL  raapicdiifayl.  CtB  vfaWMy  wna  aaaaaaad  by  trypan  Mua  anclualen. 
laeb  aahaa  rapraaanti  iha  iaataga  of  baro  indap aitdant  maaoMtantaMa. 


U4}7  celb  w«rc  challenged  at  2  x  lO'  cells/vtell  with  300  pL  To  detemine  whether  the  observed  cytotoxicity  was  due 
of  virus  stock  containing  100  ng  of  HIV  p24  antigen.  HIV-  to  HiV-WW  specifically  or  more  generally  to  exposure  to 
WW  was  found  to  be  cyiotoxK  to  both  the  megakaryocylk  supernatant  from  HIV-infected  PBMCs,  we  removed  vims 
Dami  and  CMK  cells,  but  not  to  the  T-lymphocytk  H9  celb  by  filtration  or  heat-inactivated  viists  before  inoculation, 

or  the  monocytic  (J937  celb.  The  viability  of  DaMI  and  DAMI  celb  were  challenged  with  an  equivalent  HIV  inocu- 

CMK  c'clls,  as  assayed  by  trypan  blue  exclusion,  decreased  lum  depicted  of  virions  by  filtration  twice  through  a  0.2-pm 
sharply  from  above  90%  to  below  30%  within  10  days  after  celluloae  acetate  membrartc.  In  another  experiment.  CMK 
exposure  to  HIV-WW.  Total  cell  death  in  these  cultures  was  or  DAMI  celb  were  challenged  with  HIV-WW  after  beat-in- 
observed  within  17  days  (Fig  (A  and  B).  Ceil  viability  re-  activation  of  virus  at  S6*C  for  30  minutes.  Removal  by 

mained  above  90%  in  control  CMK  and  DAMI  cultures  filtration  or  inactivation  by  heating  of  HIV-WW  each  re- 

exposed  to  an  equivalent  inoculum  of  PHA-stimulated.  un-  stored  cell  viability  in  the  mcgakaryocytk  cell  cultures  (Fig 
infected  PBMC  supernatant.  In  contrast,  the  viability  of  H9  3A  and  B). 

and  U937  celb  remained  constant  and  above  90%  during  HIV  infection  in  CMK  or  DAMI  celb  using  the  labora- 
the  same  course  of  exposure  to  HIV-WW  (Fig  2A  and  B).  tory  strains  HIV- 1  |||B  or  HIV-2  ROD”-*  has  not  been 


Days  post-inocutotion  Dayns  post-inoculation 

Flg4.  MV-1  JW-CtlFandMV-(U>4MatanoiciytopatWctonngMarvacyaccaga.C>(IKor0AM(ca>iwa«achaaaoga4wfth300iJ.(100 
ng  p24  anKganl  MV-t  M-C9f  or  MV-fUg4M.  lupamaiam  aatnpfaa  wars  (torvaatad  at  tha  (ndteatod  Umaa  and  aaaayad  far  vfial  p24 

and  pan.  Vtrai  p24  andgan  lavala  in  CtMK  C  —  and  OAIM  fo - 0|  wdwitaa  ara  aaptaaaad  in  picogiama  par  ndMar.  tupamatom 

sawplas  ham  modi-infacwd  cuNinaa  wars  uaad  aa  nagatoii  ooncrel.  Cal  vfaMINy  In  CMK  (3 - and  OAMI  (O - O)  aafiuraa  was 

aaaaaaad  by  aypan  Maa  aaefaaton.  tadi  vafaa  iipnunto  ttw  avuragi  af  two  (ndapsiiiUm  maaauiamanto.  (A|  ChaKanga  wNh  MV-t  JH- 
CSF.  IM  Chadanga  wMh  MV-IUg43S. 
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n«B.  HIV-WIWcv*epMMcitytibiociuidbvmMtiMWngMnim.CMKorDAMIcMN«Mf«clM«*n«*d«iMhHIV-WW.MdMcribadinFi«1.in 
tiM  «fci»iic*  ■!  or  pf»»ne>  D)  ol  wwitiiltiing  Mtum  (200  |tU.  ConM  CMK  and  DAM  willuwa  wtn  mech-Maelad  C3I  in  th*  pt— ancn  of 
nirtiolMng  mum.  CoO  wlaOty  w»  a— «— d  by  (rypon  Mw  ■■dyaion.  Eodi  »oluo  upraoanU  INo  ■warago  of  two  Indopoodont  m— uromonti. 
(A)  CMK  eaO  auMuraa.  IW  OAMi  caO  cvNuioa. 


<ihown  to  result  in  any  loss  of  cell  viability.  Therefore,  we 
further  investigated  whether  the  cytopathic  effect  of  HIV- 
WW  on  fnegakaryocytic  cells  was  specific  to  that  isolate  or  a 
general  property  of  primary  HIV- 1  isolates.  We  challenged 
CMK  and  DAMI  cells  with  two  primary  isolates  obtained 
from  nonthrombocytopenic  patients.  HIV-l  JR-CSF.  a 
PBMC  tropic  isolate,  was  isolated  from  the  cerebrospinal 
fluid  of  a  patient  with  AIDS  dementia'’^  whereas  HIV- 
RJ9435  was  recovered  from  an  asymptomatic  HlV-seropos- 
itive  individual  with  neutropenia.  Like  HIV-WW.  these  two 
viruses  were  amplihcd  by  short-term  culture  in  PHA-stimu- 
lated  PBMCs.  CMK.  DAMI,  H9.  and  U937  cclU  were  ex¬ 
posed  to  a  300-pL  inoculum  of  HIV-1  JR-CSF  or  HIV- 
RJ9435  under  the  same  conditions  used  with  HIV-WW. 
Neither  HIV-l  JR-CSF  nor  HIV-RJ9435  induced  cytoxi- 
city  in  CMK  or  DAMI  cultures  (Fig  4A  and  B).  Cell  viability 
in  H9  and  U937  cultures  remained  above  90%  (data  not 
shown).  Thus,  the  cytotoxicity  to  megakaryocytic  cells  of 
inocula  derived  from  HIV-WW-infected  PBMC  cultures 


was  specific  to  that  virus  and  not  seen  with  two  other  pri¬ 
mary  isolates  from  nonthrombocytopenic  patients.  In  addi¬ 
tion.  we  found  that  cytotoxicity  was  abrogated  (Fig  SA  and 
B)  when  CMK  and  DAMI  cells  were  challenged  with  HIV- 
WW  in  the  presence  of  a  broadly  neutralizing  serum  from 
an  HIV-seropositive  donor.  This  serum  was  capable  of  neu¬ 
tralizing  under  the  same  conditions  both  HIV-l  JR-CSF 
and  HIV-RJ9435  infections  in  PBMCs  to  82%  and  91%. 
respectively. 

We  then  investigated  whether  viral  replication  played  a 
role  in  the  observed  cytotoxicity.  CMK  or  DAMI  cells  were 
exposed  to  HIV-WW  in  the  presence  of  250  nmol/L.  5(X) 
nmol/L.  and  I  umol/L  3'-azido-3'  deoxythymidine  (AZT) 
to  inhibit  viral  replication.  Treatment  with  AZT  did  not 
protect  CMK  or  DAMI  cells  from  the  cytopathic  effect  of 
HIV-WW.  AZT  was  not  toxic  to  the  m^akaryocytic  cells, 
as  less  than  10%  cell  death  was  observed  in  the  absence  of 
virus  in  control  cultures  treated  with  AZT  at  the  same  con¬ 
centrations. 


2  4  ;  10  13  1  3  9  11  14 

Day*  po«t-inoculation  Days  poat-inoculatton 


ngC.  tKV-t(gW«ytogatMcNvlawetti(o«aadl>yant(-L9i»IA.CaiW(awdOAMIoaMiwataBliNlangirfwW>iWV-WW.aa JiiBrgjiKtnHgt.Intha 
tbionia  on  or  praaawaa  (Dl  of  Km  C0«  itiacMIc  monodowal  aiiKba9ti  aMHauM  at  B  itg/mL  Control  CMK  or  DAMI  aoR  cuNutoo  wara  moak- 
>wF*atodgl)lntliopraoanaoolantHaM3Aa*tt>oaan»oaooaontratlon.  (A)CMKaaBaiillutoa.(BIOAMIaaaauNiiroa. 
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Early  events  of  viral  integration  and  replication  were  stud¬ 
ied  by  PCR  analysis  of  total  cellular  DNA  isolated  at  2,  24. 
48,  and  72  hours  postinoculation.  To  ensure  detection  of 
HIV-WW,  despite  possible  heterogeneity  at  the  molecular 
level,  we  selected  a  very  highly  conserved  region  of  the  HIV 
genome  for  amplification,  using  two  gag-specific  nested 
pairs  of  primers.  Although  the  d-globin  gene,  used  as  an 
internal  standard,  was  detected  in  equal  amount  in  each  of 
the  amplification  reactions,  we  found  no  HIV-specific  se¬ 
quences  in  the  DNA  isolated  from  CMK.  DAMI,  H9,  or 
U937  cells.  Thus,  the  megakaryocytic  CMK  and  DAMI 
cells  were  not  permissive  for  HIV-WW  and  the  megakaryo¬ 
cyte-specific  cytopathicity  of  the  virus  was  not  the  result  of 
viral  replication.  The  sensitivity  of  the  PCR  assay  was  such 
that  I  infected  cell  in  lO^cellscould  be  detected.  Viral  infec¬ 
tion,  therefore,  likely  did  not  occur,  or  at  least  occurred 
below  this  level  of  detection  and  would  not  explain  the  ob¬ 
served  cytopathic  effects.  The  small  amounts  of  HIV  p24 
antigen  detected  early  in  culture  thus  represented  residual 
inoculum. 

The  binding  of  the  viral  envelope  glycoprotein  to  the  cel¬ 
lular  CD4  receptor  is  a  first  and  critical  step  in  HIV  infec¬ 
tion.  We  therefore  investigated  whether  anti-Leu3A.  a 
CD4-specific  monoclonal  antibody,  could  inhibit  HIV- 
WW  cytotoxicity  by  blocking  the  binding  of  gp  120  to  the 
N-terminus  of  CD4.  Cells  were  preincubated  with  antibody 
(5  Mg/mL)  before  inoculation  with  virus.  Anti-Leu3A  mono¬ 
clonal  antibody  did  not  abrogate  HIV-WW-induced  cyto¬ 
toxicity  in  CMK  or  DAMI  cultures  (Fig  6A  and  B).  In  con¬ 
trast,  90^  of  the  cells  were  viable  in  control  mock-infected 
CMK  cultures  with  or  without  anti-Lcu3A  antibody.  These 
findings  indicate  that  the  gpl20  epitope  that  binds  to  the 
CD4  N-terminus  was  not  a  determinant  in  HIV-WW  cyto¬ 
toxicity  to  megakaryocytic  cells.  Moreover,  binding  to  the 
CD4  N-terminus  was  not  sufficient  in  itself  to  trigger  mega¬ 
karyocytic  cell  death,  because  binding  with  anti-Leu3A  an¬ 
tibody  to  CD4  did  not  result  in  cytotoxicity. 

DISCUSSION 

Impaired  megakaryocytopoiesis  may  be  a  contributing 
factor  to  the  thrombocytopenia  associated  with  HIV  infec¬ 
tion.  The  presence  of  the  HIV  genome  in  bone  marrow 
megakary'-  tes  of  some  seropositive  patients  has  been  re¬ 
ported. '*■’  .’rimary  marrow  megakaryocytes  have  a  life 
span  of  a  few  days  in  culture,  thus  limiting  the  feasibility  of 
studies  of  HIV  infection  in  primary  cells.  Therefore,  experi¬ 
ments  have  been  performed  in  cell  lines  of  megakaryocytic 
lineage  to  establish  a  model  of  retrovirus-megakaryocyte  in¬ 
teractions.”  However,  such  studies  have  been  performed 
to  date  using  laboratory  strains  of  HIV.  such  as  HIV- 1  IIIB 
and  HIV-2  ROD.  The  properties  of  laboratory  strains  of 
HIV  may  differ  significantly  from  primary  isolates,  as  was 
recently  shown  by  the  failure  of  soluble  CD4  to  neutralize 
primary  isolates  in  vitro  at  concentrations  that  effectively 
blocked  infection  with  laboratory  strains  of  HIV- 1.” 

We  derived  an  HIV  strain  from  a  patient  with  severe 
thrombocytopenia  and  found  the  virus.  HIV-WW.  to  be 
highly  and  specifically  cytotoxic  to  megakaryocytic  cells.  In 
contrast,  two  other  primary  HIV- 1  isolates  not  associated 


with  clinical  thrombocytopenia  were  not  cytopathic  to  the 
megakaryocytic  CMK  or  DAMI  cells.  Most  strains  derived 
directly  from  HIV-infected  patients  by  short-term  culture  in 
PBMCs  are  not  capable  of  infecting  productively  perma¬ 
nent  cell  lines, whereas  laboratory  isolates  do  replicate  in 
such  cell  lines.  Consistent  with  this  finding,  the  megakaryo¬ 
cytic  CMK  and  DAMI  cell  lines  were  incapable  of  sustain¬ 
ing  HIV-WW  replication.  PCR  amplification  detected  no 
HIV  viral  sequences  in  these  cells  after  challenge  with  HIV- 
WW,  with  the  sensitivity  of  the  PCR  assay  at  1  infected  cell 
in  10^  cells.  Similarly,  treatment  with  AZT  to  block  replica¬ 
tion  did  not  protect  the  cells  from  the  cytopathic  effect  of 
HIV-WW.  Despite  the  absence  of  replication,  the  cyto¬ 
pathic  properties  of  HIV-WW  were  dramatic  and  specific 
for  cells  of  megakaryocytic  origin  and  not  seen  in  cells  of 
T-lymphocylic  or  monocytic  origin. 

There  is  considerable  heterogeneity  in  cellular  tro- 
pism.'*'*^^  **  cytopathicity.*''^-^'  and  kinetics  of  replica¬ 
tion*'**-**  among  the  various  strains  of  HIV.  Although  the 
viral  gene  products  nef.  tat.  vif.  vpr.  vpu.  and  vpx  may  play 
an  important  role  in  controlling  infectivity  and  viral  replica¬ 
tion.  mounting  evidence  points  to  the  envelope  glycopro¬ 
tein  as  a  key  determinant  of  cellular  tropism  and  cytopathic¬ 
ity.**-*’'**"*’  Arguably,  a  low  level  of  HIV  envelope 
components  may  have  been  retained  in  the  filtrated  viral 
inoculum  and.  indeed,  we  observed  that,  although  cell  via¬ 
bility  was  restored  to  a  great  extent,  cytopathic  effects  were 
not  entirely  abrogated  after  filtration.  We  found,  as  well, 
that  HIV-WW-induced  cytopathicity  in  megakaryocytic 
cell  lines  was  not  abrogated  by  anti-L.eu3A  monoclonal  an¬ 
tibody.  thereby  indicating  that  the  domain  of  the  HIV  gp 
120  envelope  protein  that  binds  to  the  N-terminus  of  CD4 
was  not  involved  in  this  phenomenon.  Recently,  regions  of 
gpl20  distinct  from  the  CD4-binding  domain  have  been 
shown  to  be  critical  in  determining  cell  tropism.**  thus  sug¬ 
gesting  that  interactions  between  several  distinct  envelope 
domains  may  be  necessary  for  viral  entry.  Identification  of 
the  molecular  determinants  of  viral  phenotype  is  essential 
to  an  understanding  of  the  pathogenesis  of  HIV.  To  this 
end,  we  have  constructed  a  genomic  library  from  HIV-WW 
infected  PBMCs  to  isolate  a  clone  of  this  novel  HIV  strain. 
Studies  of  its  genotype  and.  in  particular,  a  detailed  analysis 
of  the  sequence  and  structure  of  its  envelope  ^ycoprotein 
should  provide  insights  into  the  mechanism  of  its  cytopa¬ 
thicity  for  megakaryocytic  cells.  Moreover,  these  studies 
may  show  megakaryocyte  surface  structures  distinct  from 
CEM  that  specifically  interact  with  components  of  the  viral 
envelope. 
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ABSTRACT 

Objective:  To  determine  if  the  early-acting  hematopoietic 
-  growth  factors  stem  cell  factor  (SCF)  or  interleukin-3  (IL-3) 
are  capable  of  overcoming  the  bone  marrow  suppressive  effects 
of  cytokines  or  drugs  involved  in  the  hematologic 
abnormalities  accompanying  HIV-i  infection. 

Design:  In  vitro  colony  formation  assays  of  normal  human  bone 
marrow  cells  exposed  to  the  myelosuppressive  medications 
zidovudine  (ZDV) ,  interferon  alpha  (IFNa) ,  ganciclovir  (GAN), 
or  the  myelosuppressive  cytokines  tumor  necrosis  factor-alpha 
(TNF)  or  transforming  growth  factor-beta  (TGF)  implicated  in 
HIV  dysmyelopoiesis. 

Results:  SCF  (10  ng/ml)  was  capable  of  enhancing  the  numbers 
of  erythroid  (BFU-E)  colonies  in  the  presence  of  ZDV  or  GAN  (p 
<  .05)  and  myeloid  (CFU-GM)  colonies  in  the  presence  of  GAN  or 
IFN  (p  <  .05)  relative  to  controls.  IL-3  (10  ng/ml)  also 
improved  erythroid  colony  numbers  in  the  presence  of  ZDV  (p  < 
.05)  and  CFU-GM  in  the  presence  of  IFN  (p  <  .05).  Neither 
factor  consistently  altered  the  inhibition  of  TGF  or  TNF.  The 
50%  inhibitory  concentration  (ICjo)  of  the  myelosuppressive 
agents  was  altered  in  only  one  setting:  by  IL-3  in  the 
presence  of  ZDV. 

Conclusions:  These  data  suggest  that  SCF  or  IL-3  may  have  a 
therapeutic  application  in  overcoming  hematopoietic 
abnormalities  associated  with  drugs  commonly  used  in  the  care 
of  AIDS  patients.  In  contrast,  they  may  have  less  capacity  to 
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overcome  the  bone  marrow  Inhibitory  effects  of  the  endogenous 
cytokines  TNF  and  TGF. 

IMTROOUCTION: 

Decreased  blood  cell  counts  are  commonly  observed  in  HIV 
infected  individuals  and  are  the  dose  limiting  toxicity  of  several 
important  therapeutic  agents  used  in  the  treatment  of  AIDS 
patients.  The  myelosuppressive  drugs  ZDV,  GAN  or  IFNa  are  often 
administered  daily  and  for  prolonged  periods  (unlike  the 
intermittant  use  of  cancer  chemotherapy) .  Agents  which  may 
mitigate  the  myelosuppressive  effects  of  such  drugs  should 
therefore  have  the  capacity  to  overcome  their  toxic  effects  when 
concurrently  present.  To  that  end,  we  have  investigated  the 
hematopoietic  stimulatory  activity  of  two  growth  factors  with 
activity  early  in  the  hematopoietic  cascade,  SCF  and  IL-3,  in  the 
presence  of  ZDV,  GAN  or  IFNa.  We  have  also  studied  the  effects  of 
SCF  or  IL-3  on  in  vitro  hematopoiesis  in  the  presence  of  two 
cytokines  postulated  to  be  myelosuppressive  and  inappropriately 
produced  in  HIV  disease,  TNF  and  TGF.‘*’  These  factors  would 
similarly  be  expected  to  be  present  concurrent  in  with  the 
stimulatory  growth  factors  if  the  latter  were  to  be  used  as 
therapeutics. 

Human  SCF,  also  known  as  c-kit  ligand,  has  a  wide  range  of 
biological  activities  most  notably  within  the  hematopoietic  system. 

Although  alone  it  has  only  minimal  effects  on  cell  number,  SCF 
in  combination  with  other  hematopoietic  growth  factors  is  a  potent 
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stimulus  for  myeloid,  erythroid  and  lymphoid  cell  proliferation. 
IL-3  also  acts  on  early  bone  marrow  progenitor  cells,  but  at  a 
later  stage  of  hematopoietic  differentiation  than  SCF.  Unlike  SCF, 
it  is  capable  of  stimulating  the  proliferation  of  blood  cells  when 
used  as  a  single  agent.  The  differences  between  these  early  acting 
factors  may  result  in  different  effects  on  blood  cell  progenitors 
in  the  presence  of  myelosuppressive  agents  and  suggest  applications 
for  their  ultimate  use  in  clinical  care. 


METHODS : 

Cells:  Human  bone  marrow  cells  were  obtained  from  normal 
volunteers  using  protocols  approved  by  the  Institutional  Review 
Board  of  the  New  England  Deaconess  Hospital.  Light-density 
mononuclear  cells  (MNC)  were  collected  following  density 
centrif iguation  over  Ficoll-Hypaque  gradients  (Pharmacia, 
Piscataway,  NJ)  .  Cells  were  washed  twice  in  Iscove's  Modified 
Dulbecco's  medium  (IMDM) (Gibco  Laboratories,  Grand  Island,  N.Y.) 
supplemented  with  penicillin  (250U/ml) ,  streptomycin  (250mcg/ml) 
and  20%  fetal  calf  serum  (FCS)  (JR  Scientific,  Inc,  Woodland,  CA) . 
Bone  marrow  cells  were  incubated  overnight  on  tissue  culture  dishes 
and  nonadherent  cells  removed  and  washed  in  IMDM. 

Drugs  and  Cytokines:  Recombinant  human  SCF  (2.3  mg/ml)  and 
recombinant  human  IL-3  (2.2  mg/ml,  >10*U/mg)  were  provided  by  Amgen, 
Inc.  (Thousand  Oaks,  CA)  .  Zidovudine  (Burroughs  Wellcome  Co, 
Research  Triangle  Park,  NC)  at  20uM  was  diluted  in  phosphate 
buffered  saline  (PBS) .  Ganciclovir  (Syntex,  Palo  Alto,  CA)  was 
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reconst 1 tut ckI  in  PBS  at  leg/ml.  Recombinant  human  interferon 
alpha>2a  was  kindly  provided  by  Roche  Pharmaceuticals  (Nutley,  NJ) 
at  lO^U/ml.  Human  transforming  growth  factor  beta-l  (R  &  O  Systems, 
Minneapolis,  MN)  was  diluted  according  to  manufacturer's 
recommendations  and  used  at  lOng/ml.  Recombinant  human  tumor 
necrosis  factor  alpha  was  kindly  provided  by  Genetics  Institute 
(Cambridge,  MA)  and  diluted  to  lOOug/ml  in  PBS.  These  agents  were 
added  to  the  bone  marrow  cultures  at  varying  concentrations  as 
indicated  below. 

Bone  marrow  colony  assays:  Light-density  adherent  bone  marrow 
cells  were  cultured  at  a  concentration  of  5  x  lO^cells/ml  in  1ml  of 
semisolid  methycellulose  matrix  consisting  of  0.9%  methylcellulose, 
IMDM  with  30%  PCS,  0.8%  deionized  bovine  serum  albumin  (Sigma, 
fraction  V)  ,  10'*mol/L  2-nercaptoethanol,  recombinant  human  GM-CSF 
(kindly  provided  by  Genetics  Institute)  at  1.8nmol/L  and 
recombinant  human  EPO  (kindly  provided  by  AMGEN),  at  lU/ml.  The 
cells  were  cultivated  at  37”c  and  5%  CO^  for  14  days  and  colony 
number  scored.  Experiments  were  performed  3-4  times  each  with  each 
sample  performed  in  duplicate. 

Statistical  analyses  were  performed  using  two-sided  student's 
t  test.  Differences  were  considered  significant  when  a  p  <  .05  was 
achieved  at  all  dose  levels  of  inhibitor  tested.  IC,o  derived 
by  linear  regression  analysis  using  mean  colony  numbers;  standard 
error  of  IC^was  calculated  using  data  from  three  independent 
experiments. 
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Addition  of  SCF  to  human  bone  marrow  cultures  increased  the 
number  and  size  of  erythroid  (BFU-E) ,  myeloid  (CFU-GM)  and  mixed 
lineage  (CFU-mix)  colonies  (2.9,  1.3  and  2.7  fold  respectively;  p 
<  .05).  In  contrast,  IL-3  increased  CFU-GM  (1.5  fold;  p  <  .05), 
but  provided  no  significant  additional  support  of  BFU-E  or  CFU-mix 
when  added  in  comparable  concentrations. 

ZOV  added  to  marrow  cultures  at  concentrations  similar  to 
clinical  serum  levels,  suppressed  BFU-E  and  CFU-GM  in  a  dose 
dependent  manner  (Figure  l)  .  In  the  presence  of  SCF,  there  was 
significant  improvement  in  the  ZDV-induced  suppression  of  erythroid 
colonies;  myeloid  colonies  increased,  but  did  not  achieve 
statistical  significance.  The  percent  suppression  of  either  colony 
type  by  ZOV  was  not  statistically  significantly  different  comparing 
SCF  treated  cells  with  no  SCF  controls  and  the  derived  ICy,  of  ZDV 
was  unaffected  by  the  presence  of  SCF  (Table  1) . 

IL-3  (10  ng/ml)  significantly  increased  BFU-E  in  the  presence 
of  ZDV,  but  did  not  affect  the  number  of  CFU-GM.  The  IC„  of  ZDV 
was  significantly  improved  by  IL-3  (0.5  ♦/-  O.luM  versus  l.O  +/- 
0.2uM  ZDV;  p  <  .05)  . 

GAN  at  concentrations  of  0. lug/ml,  0.2ug/ml  or  lug/ml 
(concentrations  obtained  in  vivo)  suppressed  erythroid  and  myeloid 
colony  numbers  in  a  dose  related  manner  (Figure  1)  .  Compared  with 
controls,  SCF  (lOng/ml)  was  able  to  significantly  increase  the 
numbers  of  erythroid  or  myeloid  colonies  (p  <  0.05).  IL-3  did  not 
induce  any  significant  alteration  of  either  erythroid  or  myeloid 
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colony  number.  GAN  ICjo  was  not  significantly  altered  by  either  SCF 
or  IL-3. 

IFNa  reduced  BFU-E  and  CFU-GM;  SCF  and  IL-3  were  capable  of 
improving  CFU-GM  colony  numbers,  but  neither  significantly  altered 
the  numbers  of  BFU-E  nor  the  ICj^  for  either  colony  type. 

Both  TGF  and  TNF  induced  a  dose  related  decrease  in  erythroid 
or  myeloid  colonies  which  neither  SCF  nor  IL-3  affected  in  a 
statistically  meaningful  way. 


DISCUSSION: 

The  studies  reported  here  provide  an  in  vitro  assessment  as  to 
whether  the  bone  marrow  suppression  observed  in  HIV  infected 
individuals,  due  to  either  specific  drugs  or  endogenous 
dysregulated  cytokines,  may  be  ameliorated  by  administration  of  the 
growth  factors  SCF  or  IL-3.  These  factors  are  of  particular 
interest  because  they  act  early  in  the  differentiation  of 
hematopoietic  cells  and  may  enhance  the  multiple  different  cell 
lineages  often  suppressed  in  HIV-1  infection. 

SCF  was  able  to  increase  colony  numbers  in  the  presence  of 
myelsuppressive  drugs  (ZDV,  GAN,  IFN) ,  but  did  not  improve  colony 
numbers  above  control  when  the  suppressive  cytokines  TNF  or  TGF 
were  present.  Even  in  the  setting  in  which  SCF  was  capable  of 
Increasing  colony  numbers  (ZDV,  GAN  or  IFN)  there  was  no  consistent 
effect  on  the  IC^,  of  the  inhibitory  factor.  These  data  contrast 
with  Miles  et  al.  who  detected  a  SCF  dependent  change  in  the  ICjq  of 
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ZDV.  However,  their  ICjo  appeared  to  vary  based  on  the 
concentration  of  erythropoietin  in  the  culture  conditions,  possibly 
accounting  for  the  differences  in  our  data." 

IL-3  stimulated  increased  numbers  of  CFU-GM  under  control 
conditions  and  in  the  presence  of  IFN,  but  not  in  the  presence  of 
ZDV,  GAN,  TNF  or  TGF.  The  numbers  of  erthyroid  colonies  were 
improved  in  the  presence  of  ZDV  and  the  ICj^  significantly  increased 
suggesting  some  protective  effect  of  IL-3  on  the  toxicity  of  ZDV. 
Alterations  in  the  cellular  handling  of  thymidine  analogues  by  IL-3 
have  been  noted  by  others"  and  may  contribute  to  the  effect  we 
observed . 

Other  than  the  effect  of  IL-3  on  ZDV  suppression  of  BFU-E, 
neither  IL-3  nor  SCF  were  capable  of  affecting  the  IC50  and, 
therefore,  the  sensitivity  of  blood  cell  progenitors  to  the 
inhibitory  drugs.  Rather,  it  may  be  that  the  effect  of  SCF  or  IL-3 
is  simply  to  improve  the  overall  cell  number  to  an  extent  that  even 
in  the  presence  of  suppressive  agents,  a  significantly  higher 
number  of  colonies  remains. 

In  the  presence  of  the  inhibitory  cytokines  TNF  or  TGF, 
neither  SCF  nor  IL-3  were  able  to  significantly  improve  the  colony 
numbers.  These  data  suggest  mechanisms  of  myelosuppression  by  TNF 
and  TGF  distinct  from  those  mediating  the  inhibitory  effects  of 
ZDV,  GAN  of  IFNa.  TNF  and  TGF  appear  to  dominantly  alter  cellular 
proliferative  responses  to  SCF,  IL-3,  GM-CSF  or  EPO  rendering  the 
cells  less  responsive  to  these  stimulatory  signals. 

The  experiments  reported  here  suggest  that  SCF  or  IL-3  have 
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potential  therapeutic  roles  in  overcoming  the  hematopoietic 
abnormalities  associated  with  certain  myelosuppressive  drugs 
commonly  used  in  the  care  of  HIV  infected  patients.  In  contrast, 
these  factors  may  be  less  able  to  overcome  marrow  dysfunction 
induced  by  the  endogenous  inhibitory  cytokines,  TNF  and  TGF.  The 
extent  to  which  the  inhibitory  cytokines  play  a  role  in  the 
clinically  observed  hematopoietic  abnormalities  of  HIV  disease 
remains  to  be  determined  and  the  potential  role  for  these  two  early 
acting  hematopoietic  growth  factors  in  the  care  of  these  patients 
requires  further  study. 
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FIGURE  LEGENDS 


Figiire  1:  BFU-E  (left  column)  or  CFU-GM  (right  colvimn)  in  the 
presence  of  ZDV  (0,  0.05,  O.i  and  l.OuM),  GAN  (0,  0.1,  0.2  and 
I.OUM),  IFN  (0,  100,  1000  and  5000U/ml)  ,  TGF  (0,  0.04,  0.4,  2.0 
ng/ml)  or  TNF  (0,  0.4,  4.0  and  20  ng/ml)  and  control,  SCF  (10 
ng/ml)  or  IL-3  (10  ng/ml) .  Data  presented  are  the  mean  and  SE. 
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ABSTRACT 


Ceramide,  an  intracellular  lipid  mediator  of  tumor  necrosis  factor 
alpha  (TNFa)  action,  was  studied  for  its  effects  on  the  expression 
of  the  proviral  Human  Immunodeficiency  Virus  type  1  genome  in 
latently  infected  myelomonocytic  cell  lines  U-lmg  and  OM-10.1. 
Ceramide  treatment  resulted  in  a  20  to  100-fold  enhancement  of  HIV 
production  in  these  cells.  Ceramide  also  enhanced  the  expression  of 
the  chloramphenicol  acetyltransferase  gene  directed  by  a  Human 
Immunodeficiency  Virus  type  1  Long  Terminal  Repeat  in  transfected 
U-937  cells,  indicating  that  ceramide  acts  at  the  level  of  viral 
transcription.  These  observations  suggest  that  the  TNF-ceramide 
signalling  system  may  be  involved  in  the  regulation  of  HIV 
expression  in  certain  myeloid  cell  types. 
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INTRODUCTION 


Ceramide  is  a  recently  recognized  intracellular  lipid  second 
messenger  formed  from  sphingomyelin  by  the  action  of  a  receptor 
activated  sphingomyelinase  upon  stimulation  of  various  cell  types 
by  gamma -Interferon,  1,25-dihydroxy-vitamin  D3  or  ttunor  necrosis 
factor  alfa  (TNFa)  (1-9).  The  ceramide  generated  within  the  cell 
participates  in  signals  related  to  cell  differentiation  or 
apoptosis  (10,11).  These  effects  can  be  experimentally  obtained  by 
the  exogenous  administration  of  ceramide  (10-13) . 

Since  both  TNFo  and  1,25-dihydroxy-vitamin  Dj  are  potent 
inducers  of  the  expression  of  the  proviral  HIV  genome,  and  this 
induction  could  involve  ceramide  as  an  intermediary  (8,9,13- 
22,24,26),  we  decided  to  study  the  direct  effect  of  exogenous 
ceramide  on  the  expression  of  HIV.  We  examined  as  models  of 
ceramide  modulation  of  HIV  expression  two  latently  infected 
myelomonocytic  cell  lines,  (U-lma  and  OM-10.1).  The  noninfected 
counterparts  (U-937  and  HL-60,  respectively)  of  these  lines  are 
relatively  well  characterized  in  terms  of  ceramide  signaling  (2- 
5,11,13).  The  U-lniB  and  OM-10.1  cell  lines  produce  little  or  no  HIV 
under  basal  conditions  but  significant  levels  of  virus  after 
simulation  (15,21,23,25),  and  therefore  are  of  value  in  assessing 
the  role  of  signal  pathways  in  the  induction  of  viral  gene 
expression. 


4 


MATERIALS  AND  METHODS 
Cells 

The  U-1q2b  cell  line  was  obtained  from  the  AIDS  Research  and 
Reference  Reagent  Prograa,  National  Institute  of  Health.  The  OH¬ 
IO.  1  and  U-937  cells  were  obtained  from  the  American  Type  Culture 
Collection.  The  cells  were  cultured  in  HEPES  buffered  RPMI-1640 
medium  (Gibco)  supplemented  with  10  %  heat  inactivated  fetal  calf 
serum  (HyClone) ,  penicillin,  streptomycin,  gluteunine,  sodium 
pyruvate,  MEM  nonessential  amino  acids  and  glucose. 

Chemicals 

C-2  ceramide  (N-acetylsphingosine,  from  Biomol  Research 
Laboratories,  Inc.),  was  added  to  the  culture  media  from  a  0.1  M 
solution  in  dimethyl-sulfoxide  (DMSO)  with  vigorous  agitation, 
immediately  before  the  addition  of  the  cells.  The  concentration  of 
DMSO  diluent  was  less  than  0.1%  in  the  experiments,  was  included  in 
appropriate  control  experiments,  and  did  not  interfere  with  the 
assays.  Recombinant  human  TNFa  was  obtained  from  Genzyme.  Initial 
cell  densities  in  each  experiment  were  adjusted  to  5x10^ cells  per 
ml.  Cell  counts  and  viability  were  determined  using  a  hemocytometer 
and  the  Trypan-blue  exclusion  technique. 

Virus  quantitation 

HIV-l  production  was  assessed  by  quantitating  core  p24 
concentration  in  culture  supernatants  using  the  DuPont  HIV-1 
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antigen  capture  ELISA  system  according  to  the  manufacturers 
Instructions.  Samples  were  assayed  In  duplicate.  Indirect 
Immunofluorescence  staining  of  methanol  fixed  cells  was  done  using 
human  HIV  positive  serum  and  antl-human  IgG-fluoresceln- 
Isothlocyanate  conjugate  as  previously  described  (27) . 

Transfection  of  U-937  cells 

The  pU3R-III  CAT  plasmid  (28)  was  modified  by  Insertion  of  the 
hygromycin-B-phosphotransferase  gene,  obtained  by  PCR  amplification 
from  the  plasmid  pREP4  (Invitrogene,  San  Diego,  California)  into 
the  single  Xhol  site  (pU3R'‘III  CAT/h)  as  described  In  (28)  .  Stable 
introduction  of  this  expression  vector  into  U--937  cells  was 
accomplished  by  electroporation.  Briefly,  1.5x10’  cells  were  washed 
with  PBS,  resuspended  In  500  m1  PBS,  20  nq  plasmid  was  added  and 
the  ceils  were  electroporated  on  ice  in  a  disposable 

electroporation  chamber  by  a  Cell  Porator  instrument  (Gibco)  at  300 
V,  1180  mF.  After  ten  minutes  on  ice  the  cells  were  grown  in  RPMI- 

1640  medium  (Cellgro,  Mediatech)  containing  10  %  fetal  calf  serum, 

penicillin,  streptomycin  and  glutamine  for  24  hours.  Selection  of 
stable  transfectants  was  done  by  culturing  the  cells  for  5  weeks  in 
the  above  medium  supplemented  with  400  U/ml  Hygromycin-B 

(Calbiochem) . 

Chloramphenicol  acetyltransferase  assays 

CAT  assays  were  performed  by  standard  methods  (29) .  Briefly, 
PU3R-III  CAT/h  transfected  U-937  cells  were  resuspended  in 
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Hygromycin-free  medivun  at  an  initial  density  of  5x10*  cells/ml  and 
stimulated  with  various  concentations  of  ceramide.  After  five  days 
the  cells  were  harvested,  washed  with  PBS  and  cell  counts  and 
viabilities  were  determined.  Cells  were  than  resuspended  at  a 
density  of  2x10^  cells/ml  in  250  mM  Tris/HCl  pH=8.3,  frozen  and 
thawed  four  times  and  the  obtained  cellular  lysate  was  centrifuged 
at  10  OOOxg  at  room  temperature  for  ten  minutes,  incubated  for  ten 
minutes  at  60  °C  and  centrifuged  as  above.  CAT  assays  were  done  at 
37  °C  by  mixing  0.05  /iCi  a-'^C-chloramphenicol  with  cell  lysate 
corresponding  to  IxlO*  cells  in  170  nl  of  250  mM  Tris/HCl  pH*8.3 
containing  0.5  mM  acetyl-coenzime-A,  us  in  (28,29).  After  30 
minutes  the  reaction  was  terminated  by  the  addition  of  500  fil 
ethyl-acetate  and  the  acetylated  chloramphenicol  forms  were 
resolved  by  thin  layer  chromatography  on  IB2  silica  plates 
(J.T. Baker)  with  chloroforra/methanol  95:5  as  a  developing  solution. 
Plates  were  than  autoradiographed,  acetylated  and  nonacetylated 
chloramphenicol  forms  were  cut  out  and  counted  in  a  beta  liquid 
scintillation  counter.  Data  presented  in  this  report  represent  at 
least  three  separate  experiments. 
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RESULTS 


,  Consistent  with  previous  studies  on  non-inf ected  cells  (10- 
12) ,  ceramide  Induced  a  dose-dependent  inhibition  of  cell 
proliferation  (Fig.  1  panel  B) .  This  was  not  accompanied  by  marked 
cell  death  during  a  four  day  incubation  period  (Fig.l  panel  C) ,  as 
cell  viability  remained  higher  than  85  %  throughout  the  experiment. 
The  concentration  dependence  of  cell  growth  inhibition  observed 
here  is  in  accordance  with  previous  experiments  reported  by  others 
on  noninf ected  cells  (1)  .  The  growth  stasis  induced  by  50  /xM 
ceramide  was  accompanied  by  an  approximately  30-fold  increase  in 
HIV  production  by  the  U-lnm  cells  (Fig.l  panel  A)  ,  as  judged  by  the 
measurement  of  culture  supernatant  HIV-l  p24  concentration. 

The  time  course  of  the  effect  of  ceramide  on  latently  HIV 
infected  cells  is  shown  on  Fig.  2.  In  this  experiments  the  cells, 
at  an  initial  density  of  5xl0*/ml,  were  treated  with  ceramide  or 
DMSO  control  medium  and  cultured  for  5  days.  Cell  densities  were 
kept  below  2x10*  throughout  the  experiment  by  addition  of  fresh 
medium  containing  ceramide  or  DMSO  diluent.  As  shown  on  Fig.  2 
panel  C,  50  /iM  ceramide  caused  an  initial  arrest  of  growth.  In 
parallel,  a  20  to  100-fold  enhancement  of  HIV  production  was  seen 
in  both  myelomonocytic  cell  types  used  (Panel  A  and  B) .  Consistent 
with  previous  reports  on  the  induction  of  apoptosis  by  ceramide  in 
HL-60  cells  (11) ,  this  was  accompanied  by  marked  cell  death  after 
4  days  in  the  case  of  OM-10.1  cells  (Panel  D) .  The  induction  of  HIV 
production  by  ceramide  was  accompanied  by  a  significant  increase  of 
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the  percentage  of  cells  staining  positive  for  HIV  antigen 
expression  by  immunofluorescence,  with  increases  from  0.01  %  to  7- 
10  %  and  from  5-15  to  50-60  %  for  the  U-lnn  cells  and  OM-10.1 
cells,  respectively  (Fig.  3)  .  These  data  demonstrate  that  cereunide 
acts  by  inducing  the  expression  of  HIV  by  latently  infected  cells, 
rather  than  by  increasing  the  production  of  HIV  by  a  small 
constitutively  expressing  subpopulation  present  in  the  culture. 

To  assess  if  ceramide's  effect  is  due  to  direct  activation  of 
the  LTR  directed  transcription  of  the  HIV  provirus  or  is  the  result 
of  posttranscriptional  effects,  we  studied  the  expression  of  the 
bacterial  chloramphenicol  acetyltransferase  (CAT)  gene  directed  by 
an  HIV  LTR  in  transfected  U-937  cells  exposed  to  ceramide.  As  shown 
in  Fig.  4,  ceramide  induced  a  concentration  dependent  enhancement 
of  the  HIV  LTR  driven  transcription  of  CAT,  as  determined  by 
chloramphenicol  acetyltransferase  activity  measurments.  This 
indicates  that  ceramide  acts  by  enhancing  viral  transcription.  This 
observation  is  consistent  with  previous  reports  in  which  ceramide 
activated  NF/cB,  an  important,  though  not  exclusive  activator  of  HIV 
transcription.  (30) . 
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DISCUSSION 


,  TNFa  Induces  HIV  provlrus  expression  in  various  cell  types, 
including  those  of  the  myelomonocytic  lineage  (15,16,21).  It  has 
also  been  observed  that  TNFa  induces  increases  in  cellular  ceranide 
levels,  and  that  inhibition  of  proliferation  and  induction  of 
apoptosis  by  TNFa  can  be  mimicked  by  ceramide  (8,10,11,26).  Thus, 
it  has  been  ^  istulated,  that  TNFa  action  is  mediated  by  ceramide 
(8,11,26).  We  have  extended  these  observations  and  now  show  that 
exogenous  ceramide  activates  HIV  expression  by  inducing  cells  to 
switch  from  latent  to  productive  infection.  This  provides  direct 
support  for  the  model  that  the  HIV  inducing  effect  of  TNFa  occurs, 
at  least  in  part,  via  the  ceramide  signalling  system  and  involves 
the  stimulation  of  LTR  directed  HIV  gene  transcription. 

When  the  effects  of  ceramide  on  HIV  expression  were  compared 
to  that  of  PMA  or  TNFa  we  found  ceramide  stimulation  to  be  3-6  fold 
less  potent  than  the  other  agents  (Results  not  shown) .  This  could 
be  due  to  difficulty  in  cell  penetration  by  ceramide.  This 
hydrophobic  molecule  may  associate  primarily  with  extracellular 
proteins  present  in  the  culture  medium  (1),  may  insert  into  the 
plasma  membrane  and  fail  to  equilibrate  with  the  cytosol,  or  may  be 
metabolized  within  the  cell.  Alternatively,  the  ceramide  pathway 
may  be  only  one  of  several  intracellular  signalling  pathways 
triggered  by  TNF  receptor  activation.  TNF  receptor  triggering  may 
activate  the  ceramide  and  protein  kinase-C  mediated  pathways 
simultaneously  (8)  ,  resulting  in  higher  stimulation  than  that 
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observed  with  ceramide  alone. 

Since  increased  cellular  ceramide  levels  have  been  reported 
during  the  course  of  acute  HIV  infection  (22) ,  ceramide  signalling 
may  be  involved  in  a  positive  feedback  regulatory  system  of  HIV 
expression.  This  system,  similar  to  that  described  for  TNFa 
(16,21)  may  represent  a  potential  target  for  novel  pharmacological 
strategies  designed  to  reduce  production  of  the  retrovirus. 
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LEGENDS  TO  FIGURES 


F^g.  1. 

Concentration  dependence  of  ceraaide  action. 

U-Iqib  cells  at  a  density  of  5x10^  cells  per  al  were  incubated  in  the 
presence  of  various  concentrations  of  ceraaide  and  viable  cell 
number  and  supernatant  HIV  p24  levels  were  determined  at  day  4. 
Panel  A:  HIV-*1  p24  production. 

Panel  B:  Viable  cell  counts. 

Panel  C:  Cell  viability. 

Fig.  2. 

Time  course  of  HIV  expression  by  ceramide  treated  cells. 

Panel  A:  HIV-l  core  p24  production  by  U-ln^  cells.  :  control, 

:  ceramide  treated  cells. 

Panel  B:  HIV-1  core  p24  production  by  OM-10.1  cells  treated  with  50 
/xM  ceramide.  :  control,  :  ceramide  treated  cells. 

Panel  C:  Relative  cell  growth  in  the  absence  or  presence  of  50  /xM 
ceramide.  and  :  OM-10.1;  and  :  U-lnn 

cells.  Open  symbols  represent  controls,  full  symbols  represent 
ceramide  treated  cells.  Initial  cell  density  :  5x10*  cells/ml. 
Panel  D:  Cell  viability  in  the  absence  (open  symbols)  or  presence 
of  50  fM  ceramide. 

Fig.  3. 

Immunof Increscent  staining  of  control  (A)  and  (C) ,  and  ceramide 

13 


treated  (B)  and  (D)  cells  (day  5,  50  ceraaide)  with  HIV  positive 
serum.  (A)  and  (B) :  U-Iq^  cells,  (C)  amd  (D)  :  ON~10.1  cells. 

r 

Fig.  4. 

Enhancement  of  CAT  transcription  driven  by  the  HIV  LTR  by  ceramide. 
U-937  cells  transfected  by  the  pU3R-III  CAT/h  plasmid  were  exposed 
to  increasing  concentrations  of  ceramide,  DMSO  vehicle  or  PMA  as  a 
positive  control  and  CAT  activities  were  determined  at  day  5. 
Ceramide  induced  a  dose  dependent  increase  in  CAT  activity. 
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